Nomenclature (contlnued)
Abstract
Nomenclature ( Table I . The algorithm consists of three parts as has been decreasing in recent years, those in the shown in Figure I and can be run off-line on the takeoff phase have remained almost constant [I] .
onboard computers or on ground support computers The concept of takeoff performance monitoring with the results downloaded to the airplane is nothing new. This phase of flight has been of computers. concern since the beginning of regulated aviation
The first part performs a flight manual operation.
Several single point performance look-up to determine the recommended engine checks have been proposed [2] , as well as some pressure ratio for takeoff, the decision speed, that deal with checking the time required to and the rotation speed.
The throttle setting attain a prespecified speed [I] .
needed to achieve the engine pressure ratio is The takeoff performance monitoring system also computed. described in this paper has the following The second part of this segment computes the features:
airplane's scheduled acceleration performance as * The system is carried on the airplane and follows [3, 4, 5] . First the aerodynamic hence is airport independent, coefficients are extracted from the aerodynamic * The system detects performance deficiencies data base for the airplane as a function of the by comparing the airplane's present motion variables.
The aerodynamic forces and performance with a nominal performance for moments are computed in the airplane stability the given conditions, axis system. These forces and moments are then * The system computes the runway used and transformed into the body axis system. The hence the runway available for further components of the engine forces and moments along action, the body axes are determined using the * The system also predicts the runway manufacturer supplied engine model. A required to achieve rotation speed or to manufacturer supplied landing gear model is bring the airplane to a complete halt. utilized in computing the forces and moments * The system can be configured to operate in generated by it along the body axis system. a fully automated mode. 
The rate of change of pitch attitude is written as
The parameters (eB' UB' HCG' WB' qB' VG ) are integrated using a second order Adam_Bashworth I l I I. Table 3 lists all of these input parameters.
The pressure altitude and ambient temperature i inputs are used to compute the air density, and I Table lookup  temperature and pressure ratios (atmospheric I calculations) once during the real_tlme segment. 
I

Filtering of !
where . U2 w estimate of the actual runway friction coefficient The runway required to achieve rotation speed model to predict these parameters as follows:
is computed by a ten step rectangular integration scheme between the present true airspeed and thê true airspeed for rotation. The engine pressure ratio Is used as a check on engine health.
After allowing time for thê engine transients to dle out, the measured value Subtraetlng a from a and solving for the is compared w lth the predicted value difference in friction coefficients (corresponding to the measured throttle position). Some of the parameters used in this error is less than 5% of the runway used. The segment are as follows, last column shows the updated friction coefficient after 10 seconds into the takeoff run. This is AT -0.1 second the algorithm estimated friction coefficient for that takeoff run as opposed to the actual value (column six of table 5). Figure 4 shows time Case I of Table 5 serves as the baseline for all histories of the predicted runway requirements and the analyses of this section. In addition, the the runway used for case I of Table 5 . Also shown baseline flap setting is 5 degrees. in this plot is the sum of the two instantaneous values.
This line measures the "goodness" of the algorithm prediction. For a good runway length _3_ F predictor, this llne should remain a horizontal straight llne i.e., at any given instant the _ predicted runway required to achieve rotation speed is equal to the prediction at any previous time minus the runway used between the two points.
_ No abort signal is generated by the algorithm.
At the 10 second point, the difference between the predicted and measured Engine thrust malfunction is simulated by acceleration is used to generate a friction forcing the thrust to 15% above and below the coefficient value which in several cases is quite nominal value. It is assumed that the thrust different from the actual value. An onboard wind degradation does not affect the EPRs. The EPR estimator is considered in an effort to reduce output from the engine still corresponds to the this sensitivity. The runway winds are estimated nominal value. Since the EPR is the only as being the difference between the measured and parameter used for engine health check, neither algorithm computed calibrated airspeed prior to case results in an engine failure flag. At the 10 estimating the friction coefficient, as a one time second point the difference in between the operation. The prediction error changed from measured and predicted accelerations is attributed -I058 feet without a wind estimator to +139 feet to a faulty friction coefficient input. For the (assumed head wind of 20 knots versus an actual no 115% thrust case this results in an updated wind condition). friction coefficient of +0.028 (changed from It is seen from Table 8 that the algorithm is 0.015) and for the 85% thrust case the updated sensitive to errors in ambient temperature inputs. " friction coefficient is 0.063. These values are Even though the estimated friction coefficient is well out of the nominal range of 0.015 to 0.040 . not appreciably different from the actual value, the error in the runway requirements increases to Sensitivity and Failure Mode Analysis about 10% of the total used. The effect of errors in gross weight input Sensitivity of the algorithm to input errors are summarized in Table 9 . Even though the error and the effects of sensor failures are considered in the predicted runway requirements is rather here.
The sensitivity analysis is carried out by small, the adjusted friction coefficient is seen forcing selected inputs to the algorithm and the to be very much different from the actual value of simulation to be different and comparing the 0.015 . The difference between the measured and algorithm's predictions with the true values predicted accelerations caused by the weight error generated by the simulation.
The failure analysis is treated as being caused by a friction is carried out by causing the sensor outputs from coefficient discrepancy at the 10 second mark. the simulation model to be in error and again The other problem with this situation is that the comparing the predictions with performance, airplane rotation speed is based on the 88504 ib weight and thus results in a premature rotation value. The prediction error goes to Just over 5% for the over weight case.
In the under weight of the total runway used. case the airplane will remain on the runway longer than needed. At 5 calls per second, the friction performance failure flag to be set. coefficient is seen to be adjusted to a rather low Ten normal and Engineering Corp.; 1981. takeoff cases were used in testing the algorithm. The runway required was found to be predicted within 5% of the overall runway used.
Engine malfunctions that affected the engine pressure ratio were detected and engine failure flags were raised. Sensitivity analysis indicates that the algorithm is highly sensitive to errors in runway wind inputs.
An onboard wind estimator reduces this sensitivity.
The algorithm is also sensitive to errors in ambient temperature inputs. Errors in weight inputs were found to cause the runway friction coefficient to be adjusted to unreasonable values.
Errors in flap setting were accounted for by changing the friction coefficient but the rotation speed was based on the erroneous flap setting input. Aerodynamic degradations of 10 and 15% did not cause any problems.
Frequency of calls to the algorithm could not be halved (changed from the 10 calls per second to 5 calls per second).
The algorithm has the capability to adjust for accelerometer bias and scale factor errors. Engine Pressure Ratio biases of 15% of nominal and 15% scale factors caused engine failure flags to be raised.
Failed ground speed sensors raised a performance failure flag.
The errors associated with inputs could be eliminated for the most part by automating these inputs.
The algorithm looks viable. It is currently being implemented in a real-tlme simulator at NASA Langley Research Center and will be evaluated by pilots. 
